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Introduction. This study will investigate knowledge, attitude and 
practices towards heat-related health issues in a sample of safety 
representatives from Northern Italy (H&SRs).
Methods. A cross-sectional questionnaire survey was conducted 
in 2016-2017 among 298 H&SR. Knowledge status was meas-
ured both in general but as well and focusing on first-aid issues. 
Assessment of risk perception included severity and frequency 
of heat-related events. Multivariate logistic regression analysis 
assessed individual and work-related characteristics associated 
with H&SRs’ risk perception.
Results. 258 questionnaires were retrieved (participation rate 
86.6%; mean age 48.2 ± 8.4 years). Knowledge status was rel-
atively good on technical/preventive issues (62.3% ± 16.8) and 
first aid measures (72.6% ± 27.2), but a large share of respond-
ents ignored the risk from exertional heat stroke (35.9%), and for 
heat strokes elicited by non-environmental heat (e.g. machiner-
ies, use of protective equipment, etc. 47.9%). The majority of 
respondents acknowledged the high frequency of extreme events 
like heat waves (62.0%), but only 44.6% agreed on their poten-
tial health threat, with an unsatisfying cumulative risk perception 
score (55.4% ± 23.5). A specific first-aid formation course was 
reported by 49.2% of respondents, while 10.9% had any previous 
interaction with heat-related disorders. Specific countermeasures 
for heat waves had been put in place by parent company in 20.1% 
of cases. Eventually, higher educational achievements (mOR 
2.239, 95% CI 1.184-4.233) and a better general knowledge sta-
tus (mOR 1.703, 95% CI 1.073-2.979) were positive predictors for 
higher risk perception.
Conclusions. Although H&SRs exhibited a good understanding 
of heat-related health issues, stakeholders should improve the 
implementation of specific countermeasures on the workplaces.
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Introduction
Over the past decades average temperatures have glob-
ally increased: as recently stated by the Intergovernmen-
tal Panel on Climate Change (IPCC), warming from 
pre-industrial levels to the decade 2006-2015 ranges 
between 0.75°C and 0.99°C [1-5]. Alpine areas of the 
Mediterranean region have been particularly affected, 
with an increased number of extreme events, such as 
heat wave (HW) time periods (i.e. period of excessively 
hot weather, which may be accompanied by high humid-
ity) [6-8]. For example, Autonomous Province of Trento 
(APT) not only has experienced a 0.9°C increase in av-
erage temperatures from 1971-2000, but the number of 
“warm days”, “warm nights” (i.e. days/nights having 
average temperatures > 90th percentile of the reference 
period), and “tropical nights” (i.e. nights with minimum 
air temperature above 20°C) during the summer season 
has nearly doubled since 1970-2000, with raising con-
cerns regarding occupational exposures [6, 9, 10]. 
Global climate change may impact on outdoor work-
ers as a summary of indirect (e.g. vector-borne, ro-
dent-borne diseases, etc.) and direct effects through 
extreme weather-related health effects, air pollution-
related health effects, and temperature-related illness 
and death [1, 5, 11-15]. More specifically, the excessive 
exposure to intense or prolonged heat, resulting from 
a combination of external thermal environment, heat 
sources in the workplace, and internal heat generation 
by strenuous muscular work, can induce a continuum 
of disorders usually defined as heat-related illnesses 
(HRI)  [7, 9, 16,  17], ranging from minor syndromes 
(i.e. heat cramps, heat syncope, and heat exhaustion) 
to the life-threatening heat stroke [9,  17]. High-risk 
groups for HRI include both outdoor (e.g. construc-
tion workers, agriculture and forestry laborers, parks/
gardens rangers, road workers and local service work-
ers) and indoor workers, especially for tasks performed 
nearby heat-generating equipment, or where ventilation 
is poor or air conditioning is not available, in particular 
for people with preexisting cardiovascular and heart-dis-
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ease [18-21]. Employment in hot environments would 
also increases safety risks, with increased occurrence 
of occupational injuries in workers exposed to high and 
severe-high temperature  [1-3, 17, 22]. Moreover, indi-
viduals working under heat stress actually tend to make 
adjustments by either reducing the intensity of physical 
activity and the amount of work undertaken during the 
hottest part of the day [6, 7, 9, 16, 18, 23], or increasing 
hourly rest periods [9, 16, 18, 23, 24], ultimately impair-
ing work efficiency [1, 3, 6, 7, 9, 16, 18, 19, 23-25] and 
economic productivity [1, 2, 20]. The risk assessment 
of this physical hazard has therefore not only to focus 
on environmental (climatic conditions) or other general 
organizational factors (e.g. intensity of physical work, 
insufficient water consumption, inadequate cooling off 
or rest periods, and inappropriate clothing), but has to 
consider certain individual factors that may cause dehy-
dration (e.g. poor diet, vomiting, diarrhea or alcohol and 
caffeine consumption), some medical conditions (e.g. 
heart problems, diabetes, hypertension, or assumption 
of drugs altering the body’s temperature regulation), 
or the presence of physiological factors related to age 
(young and older workers) and general physical fit-
ness or weight (e.g. obesity or overweight), which 
may increase susceptibility to heat stress-related con-
ditions [5, 9, 11, 19, 26-28].
Even though HRI are largely preventable, our under-
standing of the countermeasures across the workplaces 
remains limited [1, 8, 22, 29-31], but evidence suggests 
that an appropriate approach requires comprehensive ef-
forts and cooperation from a range of stakeholders, in-
cluding government organizations, occupational health 
and safety service providers (including both healthcare 
and technical providers), employers, and workers them-
selves, either directly or through health and safety repre-
sentatives (H&SRs) [1, 8, 22, 29-31].
H&SRs are employees elected or appointed to represent 
workers with regards to aspects concerning health and 
safety at work [32-34], receiving from the parent com-
pany and peer-sharing information about risk assess-
ment (including any dangerous substances, machineries, 
equipment, organization and working environments), 
preventive measures, as well as occupational injuries 
and diseases [32, 34]. Empowerment of H&SRs in the 
management of occupational health and safety has been 
proven as a quite effective measure for reducing rates 
of occupational injuries, as well as sickness absences 
in workplaces [35-37]. Therefore, studies assessing 
their awareness of the health threats associated with cli-
mate change and HRI, understanding their actual risk 
perception, and addressing their knowledge gaps, have 
the potential to improve both quality and appropriate-
ness of real-life countermeasures envisioned by par-
ent companies. Moreover, as qualitative and quantita-
tive assessment of the latter is obviously difficult and 
remains fragmentary, a survey based on H&SRs rather 
than on individual workers may allow their quicker and 
more factual appraisal. However, few studies from the 
Western Europe have specifically inquired H&SRs on 
this topic  [3,  9,  29]. The purpose of the present study 
is therefore to answer the following research questions:
1. How high is the level of awareness and concern of 
H&SRs towards climate changes and HRI?
2. What are the determinants of the risk perception to-
wards heat and severe heat in H&SRs?
Materials and methods
A questionnaire based on a cross-sectional survey was 
performed in August 2016-March 2017 in the APT. 
A convenience sample of 258 H&SRs was collected 
among the participants to a series of educational events 
on occupational health and safety (n = 298, participation 
rate 86.6%).
Settings
APT is located in the Alpine sector of North Eastern 
Italy, covers a total area of 6,214 km2 (2,399 sq. mi) and 
has a population of 539,898, for a total workforce of 
241,000 (2018 census). The territory is overwhelmingly 
mountainous (70% over 1,000 m, and 20% is over 2,000 
m), and APT may be ultimately defined as a cluster of 
side valleys “held together” by the Adige river. Provin-
cial economy is characterized by a large service sector 
(67.6% of total workforce), with a very large public sec-
tor (20% of the total workforce), while the remaining 
workforce is employed in large number of small private 
firms in the industrial and agricultural sectors, having an 
average size of 3.7 employees. Economic performances 
of APT have often outperformed that of Italy, with un-
employment rates that remained significantly lower than 
national average (5.1 to 5.5% in 2018 vs 10.1 to 11.1% 
at national level) [38, 39]. 
Instruments
Shortly before the beginning of the courses, H&SRs 
who gave preliminary consent received by hand a struc-
tured questionnaire that inquired their KAP about heat-
related risks on the workplaces. The questionnaire was 
developed after a comprehensive review of the literature 
on heat exposure and occupational health, and included 
the following items [1-3, 8, 14, 17, 18, 29, 30, 40-44]:
Basic information about the interviewee: i.e. gender, 
age, country of origin, seniority, educational level, pre-
ferred information sources on occupational health and 
safety, seniority as H&SR;
Aspects of working environments: participants were 
initially asked about the economic sector (i.e. agriculture 
and forestry, construction and mining, manufacturing, 
services and healthcare, public administration), overall 
size of the parent enterprise (categorized in: < 10 work-
ers, 10 to 19, 20 to 249, 250 to 999, more than 1000), and 
the settings of working activities (i.e. mainly indoors, 
mainly outdoors, both indoors and outdoors). Partici-
pants were then asked to self-assess selected HRI risk 
factors on their workplaces: exposure and direct expo-
sure to sunlight (yes/no), presence of heat sources (yes/
no), requirement of strenuous physical activity (yes/no), 
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mandatory use of personal protective equipment (PPE; 
i.e. gloves, helmets, goggles, respirators, airways pro-
tection devices, and protective clothing impermeable 
or thick clothing). H&SR were then inquired trough a 
5-point Likert scale (ranging from “totally against” to 
“totally agree”) to report whether they perceived a high 
heat burden during the summer season, whether they 
felt overall heat burden as uncomfortable or not and 
whether previous episodes of HRI requiring first aid 
or medical intervention had been reported in the parent 
enterprise in the previous three years, including known 
work compensation claims. Implementation of preven-
tive measures towards heat-related risks (i.e. provisions 
of cool drinking water; rescheduling of working time; 
implementing of controlled rest area; stopping work for 
air temperatures higher than 40.0°C) was ultimately re-
trieved, specifically focusing on formation courses about 
heat risk, first-aid procedures for HRI, and the availabil-
ity of warnings/advices from the employer during HWs. 
Knowledge of heat-related risks. Knowledge of heat-
related risks was assessed by means of three subscales: 
(a) General Knowledge; (b) Knowledge of Clinical Fea-
tures associated with HRI, (c) Knowledge of First Aid 
options. All subscales were calculated as follows. Firstly 
participants received a series of true-false statements 
(e.g. Body temperature is usually higher than 38°C”; 
FALSE) covering general typical misconceptions on 
heat exposure, heat-related disorders, and recommended 
countermeasures [23, 24, 45], and more precisely: 20 
items defined a General Knowledge Score (GKS), 9 the 
knowledge of clinical features, and 9 of First Aid op-
tions. When the participant correctly answered, +1 was 
added to a sum score, whereas a wrong indication or 
a missing answer added 0 to the sum score. Potential 
scores ranged therefore 0 to 20 for GKS, and 0 to 9 for 
knowledge of clinical features, and first aid options.
Risk perception: risk perception has been defined as 
a function of the perceived probability of an event and 
its expected consequences, being assessed as the math-
ematical product of subjective probability and disease 
severity [46]. Therefore, participants were asked to rate 
perceived severity (HS) and frequency (HF) of work-
related HRI through a fully labelled 5-point Likert scale 
(“almost zero”, “low or rather low”, “moderate”, “high 
or rather high”, “very high”; scored 1 to 5, respectively). 
A cumulative Risk Perception Score (RPS, potential 
range 1 to 25) was obtained through the formula
RPS = HS * HF
Ethical considerations
In accordance with the declaration of Helsinki, partici-
pants were adequately informed of the aims and institu-
tional settings of the study, that participation was vol-
untary, that all collected information would be handled 
anonymously and confidentially, that the final examiners 
of professional course were blind regarding their status 
(i.e. whether they had participated or not to the survey). 
Participants were also guaranteed that they may with-
draw from the survey in any time, simply not delivering 
the questionnaire. As the study design assured an ade-
quate protection of study participants, being implausible 
that individual participants could be identified based on 
the presented material, and neither included clinical data 
about patients nor configured itself as a clinical trial, 
its preliminary assessment by Ethical Committee of the 
Provincial Agency of for Health Services (APSS) was 
not statutorily required. 
Data analysis
Two independent researchers, one of whom read the 
responses from each questionnaire while the other re-
searcher reviewed the entered data, ensured the accu-
racy of data entry. Doubtful cases (i.e. heterogeneous 
interpretation by researchers involved in data entry) 
and unclear responses were reviewed by the primary 
investigator in order to determine which answer had to 
be assumed as “correct”. Questionnaire lacking basic 
information about the interviewee were excluded from 
the study. A preventive reliability test was performed on 
synthetic scores through determination of Cronbach’s 
alpha. 
All cumulative scores were normalized to percent val-
ues in order to more easily compare the scales (min 
0.0%, max 100%). Continuous variables (i.e. age, syn-
thetic scores) were expressed as mean ± standard devia-
tion, and their distribution was preventively assessed by 
means of Kologomorov-Smirnov test. Bivariate correla-
tion between continuous variables was assessed through 
calculation of the Pearson’s correlation coefficient.
Univariate confrontations between proportions were 
performed through Chi-squared test (with continuity 
correction) in order to examine correlates of personal 
and occupational factors with the outcome variable RPS, 
assessed as as high (i.e. > median) and low (i.e. ≤ me-
dian) RPS. In the analyses, all knowledge subscores (i.e. 
GKS, knowledge of clinical features, and knowledge of 
First Aid Option) were similarly dichotomized by me-
dian value in high ( > median) vs low (≤ median) score. 
In order to assess the relative influence of individual and 
occupational factors on the outcome variable represent-
ed by higher RPS, multivariate odds ratios (mOR) with 
the respective 95%CI were calculated through a multi-
variate regression model. The final model included all 
factors whose association with higher RPS in univariate 
analysis was significant, i.e. p < 0.05. All analyses were 
performed by means of SPSS 25 (IBM Corp. Armonk, 
NY).
Results 
Demographics and characteristics of the 
working environment
As shown in Table I, the majority of participants were 
males (93.0%), with a mean age of 48.2 ± 8.4 years, of 
Italian origin (89.5%), reporting educational achieve-
ments equals (58.1%) or higher than high school (12.0%). 
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Tab. I. Characteristics of 258 Health and Safety Representatives participating to the survey.
No./258, % Mean ± SD
Gender
Men 240, 93.0%
Females 18, 7.0%
Age group (years) 48.2 ± 8.4
20-29 6, 2.3%
30-39 40, 15.5%
40-49 93, 36.0%
50-59 99, 38.4%
≥ 60 20, 7.8%
Migration background
Yes (Foreign born people) 27, 10.5%
No (Italian born people) 231, 89.5%
Education level
Primary/Secondary school (up to 8 years of formal education) 77, 29.8%
High School (9-13 years of formal education) 150, 58.1%
University or more 31, 12.0%
Preferred information source on occupational health and safety
Healthcare provider 89, 34.4%
Professional courses 73, 28.2%
Conventional media 37, 14.3%
New Media 36, 13.9%
Friend, relatives, Colleagues 23, 8.9%
Seniority as health and safety representative
 < 10 26, 10.1%
10 – 19 88, 34.1%
20 or more 144, 55.8%
Economic Sector
Agriculture and forestry 48, 18.6%
Construction and mining 56, 21.7%
Manufacturing 70, 27.1%
Services 45, 17.4%
Public administration 39, 15.1%
Workplace size (No. of workers)
 < 10 22, 8.5%
10-249 139, 53.9%
250-999 57, 22.1%
1,000 or more 40, 15.5%
Settings of working activities
Indoors (mainly) 123, 47.7%
Outdoors (mainly) 38, 14.7%
Indoors and Outdoors 97, 37.6%
Risk factors for heat stroke / heat illness in the workplaces
Exposure to the sunlight 153, 59.3%
Direct exposure to the sunlight 111, 43.0%
Presence of heat sources (machineries, etc.) 142, 55.0%
Job tasks requiring strenuous physical effort 127, 49.2%
Use of insulating Personal Protective Equipment during job tasks 61, 23.6%
Perceived Heat Stress on the workplace
High heat burden (summer season, subjective) 157, 60.9%
Uncomfortable heat burden 161, 62.4%
Preventive measures towards excessive heat burden by parent company 157, 60.9%
Do you receive warning and advice from your employer during heat waves? 47, 18.2%
Previous episodes of heat related health disorders (previous 3 years)
Any 28, 10.9%
1 episode 9, 3.5%
Up to 1 episode/year 13, 5.0%
continues
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Around a third majority of respondents identified health-
care providers as their main information source (34.4%), 
followed by professional courses (28.2%), and conven-
tional media (14.3%). More than half of H&SRs partici-
pating into the survey had a seniority of 20 years or more 
(55.8%), mainly from manufacturing (27.1%), construc-
tion/mining (21.7%), agriculture/forestry (18.6%) eco-
nomic sectors, followed by services (17.4%) and public 
administration (15.1%). Eventually, the study popula-
tion principally included enterprises having 10 to 249 
employees (53.9%), or even larger companies (37.6%). 
Around half of the respondents (47.7%) reportedly 
worked indoors, while 37.6% of them distributed their 
working shift in indoor and outdoor activity. Sunlight 
exposure was reported by 59.3% of participants (direct 
exposure: 43.0%), while heat sources were referred by 
55.0% of H&SRs, and around half of participants de-
scribed their work as moderately or highly physically 
demanding (49.2%), with 23.6% of them reporting the 
use of insulating PPEs. 
Overall, 60.9% agreed / totally agreed that their work-
place was characterized by high heat burden, while 
62.4% complained an uncomfortable heat burden. Less 
than a fifth (18.2%) of respondents received warning of 
advices from the employer in case of HW events.
A case of HRI that required first aid or medical inter-
vention in previous 3 years was reported by 28 partici-
pants (10.49%): of them, 10 (35.7%) were considered 
heat-related compensation claims. Even though 60.9% 
of H&SRs reported some countermeasures for exces-
sive heat in the workplace, and 52.7% were satisfied 
by the interventions issued by parent companies, pre-
ventive measures specifically designed for severe hot 
climate during warm season and HWs were reported 
only in 20.1% of cases: more specifically, the majority 
of enterprises had increased the number of daily pauses 
(11.6%), implemented rescheduling or stop of work-
ing activities (6.9%), provided free cool drinking water 
(6.9%), and installed climatized resting areas (6.2%). 
In 18 cases (6.9%) multiple measures were identified. 
Eventually, around half of H&SR participating to the 
survey (49.2%) had reportedly received some informa-
tion on first aid procedures for serious heat illnesses.
Knowledge of heat-related risks
Internal consistency coefficient of the General Knowl-
edge test amounted to Cronbach’s alpha = 0.786. After 
percent normalization, GKS was quite good, being es-
timated in 62.3% ± 16.8 (actual range 0.0% to 90.0%, 
median 65.0%). However (Tab.  II), when focusing on 
the single statements, some more uncertainties were 
scored on the meaning of shivering (59.8%), on the 
possible impairment of sweating in the elderly (52.1%) 
and more specifically on the meaning of blood flow in 
the heat dispersal (i.e. 47.9% were aware that reducing 
blood flow does not increase heat dispersal, while only 
36.7% recognized the role of an increased blood flow). 
Interestingly enough, while 90.7% correctly recalled 
the moistening of the skin with fresh fluids for reduc-
ing body temperature, and around two thirds of partici-
pants were aware that energy drinks should be avoided 
in case of heat stroke (68.3%), only 57.9% of respond-
ents identified fresh liquids as useful for maintaining a 
lower body temperature, and 37.1% recognized warm/
hot fluids as useful in order to reduce body tempera-
ture. In this regard, H&SRs had a good understanding 
of body temperature, as 81.1% were aware that it is usu-
ally < 38°C, and 76.8% correctly recalled that very high 
body temperatures (i.e. > 39°C) are potentially lethal. A 
greater share of misbelieves was scored on the risk fac-
tors for heat stroke, as a third of respondents did not rec-
ognize among them physical activity (64.1% of correct 
answers), while around half of respondents understood 
Tab. I. Follows.
More than 1 episode/year 6, 2.3%
Episode(s) considered heat-related compensation claim(s) 10, 3.9% 
Heat wave related preventive measures
Any 52, 20.1%
Increased number of pauses 30, 11.6%
Rescheduling/Stop of working activities 18, 6.9%
Free fresh water 18, 6.9%
Climatized areas 16, 6.2%
Multiple measures 18, 6.9%
Somehow satisfied for the preventive measures of the parent company 136, 52.7%
Received first-aid formation for Heat Stroke 127, 49.2%
Knowledge status
General knowledge score  62.3% ± 16.8
Knowledge of symptoms associated with Heat-related Illnesses  61.8% ± 30.1
Knowledge of first aid interventions for Heat-related Illnesses  72.6% ± 27.2
Risk perception
High/very high severity of Heat-related Illnesses 115, 44.6%
High/very high frequency of Heat-related Illnesses 160, 62.0%
Risk perception score 55.4% ± 23.5
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heat stroke as taking place only in warm and humid en-
vironments (52.1%). 
Also the overall knowledge of health issues was sufficient, 
as the understanding of HRI signs and symptoms was esti-
mated in 61.8% ± 30.1 (actual range 0.0% to 100%, median 
66.7%; Cronbach’s alpha = 0.818). Still, some uncertain-
ties were identified for vague symptoms such as nausea 
(47.3%) and fatigue and/or weakness (38.8%) (Fig. 1a). 
First aid options were appropriately recalled by a large 
share of respondents (cumulative score, 72.6% ± 27.2; 
actual range 0.0 to 100%; median 77.8%; Cronbach’s 
alpha  =  0.798), and particularly the use of cool water 
(81.8% of correct answers), the opportunity to call lo-
cal emergency number as soon as possible (78.7%), to 
and restrain the injured exposure to the heat sources, by 
moving him/her into a shady or air-conditioned place (if 
available, 79.5%), rapidly deactivating nearby working 
equipment (76.7%), and letting fresh air flow into the 
working environment (77.9%). On the contrary, some 
uncertainties were identified in the use of coffee and/or 
alcoholics (65.1%), as well as for the direct managing 
of the injured, i.e. the opportunity for removing tight or 
heavy clothing (70.2%%), and laying the person down, 
elevating legs and feet (i.e. Trendelenburg position) in 
order to improve blood flow (62.0%).
Risk perception
Less than half of respondents identified HRI in occu-
pational settings as potentially severe or very severe 
(44.6%), while 62.0% reported them as frequent or 
very frequent. As a consequence, a cumulative RPS of 
55.4%  ±  23.5 was calculated, with an actual range of 
16.0% to 100% (median, 60.0%).
Univariate analysis 
A significant, negative correlation between RPS and 
knowledge of HRI symptoms was identified at univari-
ate analysis (r  =  -0.221; p  <  0.001), i.e. participants 
showing a better understanding of HRI health issues 
apparently had a lower risk perception, and vice versa. 
GKS was well correlated with knowledge of health is-
sues (r = 0.270, p < 0.001) and of first aid interventions 
(r = 0.319, p < 0.001). In turn, cumulative knowledge 
scores for HRI symptoms and first aid interventions 
were similarly well correlated (r = 0.543, p < 0.001).
In univariate analyses (Tab. III), higher RPS (i.e. > median, 
60.0%) was negatively associated with male sex (85.2% 
vs 98.7% of H&SRs scoring RPS ≤ 60.0%, p < 0.001), re-
porting a healthcare provider as main information source 
(26.9% vs 40.0%, p = 0.028), recalling the presence of 
heat sources on the workplace (47.2% vs 60.7%), and re-
ferring an uncomfortable heat burden (51.9% vs 69.3%, 
p = 0.006). On the contrary, it was positively associated 
with age ≥ 50 years (53.7% vs 40.7%, p = 0.038), higher 
educational status (82.4% vs 61.3%), and higher GKS 
(63.0% vs 44.7%, p = 0.005).
In binary regression analysis, a significantly negative as-
sociation with the Risk Perception was confirmed only 
for male sex (mOR 0.083, 95% CI 0.018-0.393), whereas 
higher educational achievements (mOR 2.239, 95% CI 
1.184-4.233) and scoring a better GKS (mOR 1.703, 95% 
CI 1.073-2.979) were positive predictors for higher RPS.
Discussion
In our study, we specifically inquired a sample of H&SRs 
from a highly developed region of Western Europe on 
Tab. II. General Knowledge test: response distribution of presented item in the 258 Health and Safety Representatives participating to the 
survey.
Statements Correct answer No., %
1. Body temperature is usually higher than 38°C False 210, 81.1%
2. Shivering reduces body temperature True 155, 59.8%
3. Drinking warm/hot fluids is useful to reduce body temperature False 97, 37.1%
4. Sweating is instrumental in dissipating excessive heat True 206, 79.5%
5. A reduced blood flow to the skin enhances heat dispersal False 124, 47.9%
6. An increased blood flow to the skin enhances heat dispersal True 95, 36.7%
7. Wearing thicker working cloths is useful to maintain low body temperature False 155, 59.8%
8. Wearing thinner working cloths is useful to maintain low body temperature True 157, 60.6%
9. Drinking fresh liquids maintain low body temperature True 150, 57.9%
10. Moistening the skin with fresh fluids reduces body temperature True 235, 90.7%
11. Sweating is useful to reduce body temperature True 185, 71.4%
12. Sweating may be impaired by drugs True 181, 69.9%
13. In case of high environmental temperatures, sweating is always present False 169, 65.3%
14. In elderly, sweating may be constitutively impaired True 135, 52.1%
15. Working in hot, humid environments may cause severe health complaints True 224, 86.5%
16. Heat stroke may follow severe physical activity True 166, 64.1%
17. Heat stroke may take place only in warm and humid environments False 135, 52.1%
18. Only children and elders are at health risk in case of high temperatures False 220, 84.9%
19. Very high body temperatures (i.e. > 39°C) are potentially lethal True 199, 76.8%
20. In case of heat stroke, drinking “energy drink” may be useful False 177, 68.3%
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their knowledge and risk perceptions towards heat risk 
and HRI in the workplaces. Despite the mixed acknowl-
edgement of the threat represented by climate change, 
and particularly by the increased incidence and severity 
of HWs, our results suggest a quite good understanding 
of this theme, with relatively few knowledge gaps. In-
terestingly enough, risk perception was significantly as-
sociated with a better GKS and higher educational level, 
underlining the substantial impact of appropriate infor-
mation and education of workers in the process of build-
ing up appropriate awareness towards health risks [31]. 
Such results have practical implication, as 2 of the 3 
Fig. 1. Knowledge status of 258 Health and Safety Representatives (H&SRs) participating to the study (Autonomous Province of Trento, 
2016-2017). Knowledge of symptoms associated with Heat-Related Illnesses (HRI, section A) and first aid interventions (section B) were 
specifically inquired.
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factors modeling the vulnerability to HRI (i.e. heat ex-
posure, individual sensitivity, and the capacity to adapt) 
can be extensively (i.e. adaptation) or at least partially 
(i.e. actual heat exposure) influenced by risk perception 
and knowledge status [1, 9, 29, 47, 48], while a prompt 
identification of HRI cases followed by appropriate first 
aid measures are instrumental in avoiding their more se-
vere outcomes [9, 29, 49, 50].
Tab. III. Association of individual characteristics of 258 Health and Safety Representatives (H&SR) participating to the survey with Risk Percep-
tion Score (RPS) > median value of 60.0%. Multivariate analysis was performed by means of a logistic regression model that included all factors 
associated with higher RPS in univariate analysis with p < 0.05 (note mOR = multivariated Odds Ratios; mOR; 95% CI = 95% confidence intervals). 
Variable RPS
Chi squared 
test p value
mOR 95%CI
 > 60.0%
(No./108, %)
≤ 60.0%
(No./150, %)
Male Sex 92, 85.2% 148, 98.7%  < 0.001 0.083 0.018; 0.393
Age ≥ 50 years 58, 53.7% 61, 40.7% 0.038 0.705 0.401; 1.241
Migration background 9, 8.3% 18, 12.0% 0.457 - -
Education level > 8 years of formal 
education
89, 82.4% 92, 61.3%  < 0.001 2.239 1.184; 4.233
Healthcare provider as main information 
source
29, 26.9% 60, 40.0% 0.028 0.500 0.274; 2.997
Seniority as H&SR ≥ 20 years 51, 47.2% 93, 62.0% 0.571 - -
Economic Sector 0.070 - -
Agriculture and forestry 15, 13.9% 33, 22.0%
Construction and mining 19, 17.6% 37, 24.7%
Manufacturing 31, 28.7% 39, 26.0%
Services 20, 18.5% 25, 16.7%
Public administration 23, 21.3% 16, 10.7%
Workplace size > 250 workers 38, 34.3% 60, 40.0% 0.419 - -
Settings of working activities, mainly 
indoors
57, 52.8% 66, 44.0% 0.205 - -
Risk factors for heat stroke / heat illness 
in the workplaces
Exposure to the sunlight 59, 54.6% 94, 62.7% 0.243 - -
Direct exposure to the sunlight 42, 38.9% 69, 46.0% 0.312 - -
Presence of heat sources (machineries, etc.) 51, 47.2% 91, 60.7% 0.044 0.691 0.385; 1.240
Job tasks requiring strenuous physical effort 49, 45.4% 78, 52.0% 0.355 - -
Use of insulating PPE during job tasks 25, 23.1% 36, 24.0% 0.874 - -
Perceived Heat Stress on the workplace
High heat burden (summer season, 
subjective)
61, 56.5% 96, 64.0% 0.275 - -
Uncomfortable heat burden 56, 51.9% 104, 69.3% 0.006 0.616 0.338; 1.122
Preventive measures towards excessive 
heat burden by parent company
63, 58.3% 94, 62.7% 0.154 - -
Do you receive warning and advice from 
your employer during heat waves?
24, 22.2% 23, 15.3% 0.211 - -
Previous episodes of heat related health 
disorders (previous 3 years)
Any 13, 12.0% 15, 10.0% 0.762 - -
Episode(s) considered heat-related 
compensation claim(s) 
4, 3.7% 6, 4.0% 0.837 - -
Heat wave related preventive measures 61, 56.5% 96, 64.0% 0.222 - -
Somehow satisfied for the preventive 
measures of the parent company
51, 47.2% 85, 56.7% 0.170 - -
Received first-aid formation for Heat 
Stroke
53, 49.1% 74, 49.3% 0.932 - -
Knowledge Status ( > median)
General Knowledge Score ( > 65.0%) 68, 63.0% 67, 44.7% 0.005 1.703 1.073; 2.979
Knowledge of Symptoms associated with 
Heat-related Illnesses ( > 66.7%)
49, 45.4% 65, 43.3% 0.843 - -
Knowledge of First Aid interventions for 
Heat-related Illnesses ( > 77.8%)
46, 42.6% 64, 42.7% 1.000 - -
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With the notable exception of some uncertainties on 
the immediate management of heat stroke, including 
its possible not-environmental etiology, and the diffuse 
but minor conceptual disbeliefs about thermal regula-
tion, the comprehensively appropriate knowledge status 
of H&SRs was not unexpected. First of all, we instru-
mentally inquired a very qualified subset of workers: not 
only H&SRs are in fact highly qualified being the target 
specific training and formation courses, but they are also 
highly motivated and involved in carrying out the func-
tions requested, even if the company rarely consults them 
regarding the health and safety at work regulations [33], 
but they often exhibit an understanding of workplace is-
sues that exceed that of the employers themselves. As 
H&SRs are instrumental in both recognizing occupa-
tional health threats and disseminating appropriate prac-
tices across the workplaces [8, 9, 29], improving their 
knowledge status and filling knowledge gaps has the 
potential to improve heat prevention and management 
strategies on the workplaces [13, 17, 22, 31, 43,  49, 50]. 
Secondly, available studies have suggested that work-
ers may display sufficient or even good awareness 
of the issues associated with climate changes and hot 
working environments [8, 50]. More specifically, while 
physicians find sometimes difficult to recognize early 
stages of HRI  [9, 23, 51, 52], workers often exhibit a 
good knowledge of symptoms and possible outcomes 
of excessive heat exposure, particularly in high risk set-
tings [3, 19, 29]. In facts, reports from people working 
outdoors (e.g. in agriculture and construction), in hot 
indoor or enclosed environments (e.g. drivers and min-
ers), wearing heavy, insulating equipment (e.g. pesticide 
applicators), and whose jobs require considerable physi-
cal exertion (e.g. athletes, firefighters, and military per-
sonnel) have frequently recorded high rates symptoms 
such as muscle cramps, increased heart rate, light-head-
edness, dizziness and/or vertigo, whose association with 
heat exposures was well understood by study partici-
pants [18, 52, 53]. On this regard, it should be stressed 
that nearly half of respondents exhibited some com-
plaints towards the actual heat burden in their workplac-
es, and that around 10% of them were able to recall for 
the previous three years at least one episode of possible 
work-related HRI. Even though no significant associa-
tion between personal experiences with risk perception 
was eventually reported, their role in the building up of 
personal awareness is sound and well recognized, repre-
senting a cornerstone of the health belief model [49, 54]. 
It is possible that personal experiences have been in-
volved also in modeling the moderate concerns towards 
HRI and high working temperatures we identified, 
whose assessment is otherwise conflicting with avail-
able reports [3, 9, 43]. For instance, in some studies up 
to 90% of participants are moderately or even very con-
cerned about extreme heat resulting in increased hazards 
in the workplace [43]. Some explanations may be tanta-
lizingly proposed. 
Firstly, half of respondents were somehow satisfied with 
the preventive measures put in place by the employer to-
wards working in high temperatures, while a fifth of re-
sponders were able to recall preventive measures specifi-
cally designed for severe-high environmental tempera-
tures and HWs. In other words, the rational understand-
ing of the actual heat-related risks was possibly battled 
by a complicated interplay of individual (e.g. previous 
experiences, confidence in the preventive measures, 
etc.) and external factors, including workplaces charac-
teristics (e.g. availability of protective equipment, etc.), 
but also information sources [28, 55]. In fact, univariate 
analysis suggests that respondents reporting healthcare 
providers as the main information source have lower risk 
perception (26.9% vs 40.0%). These results may appear 
somehow inconsistent, but it should be stressed that while 
conventional media and new media frequently stress the 
emotional aspects of climate change, rising even inap-
propriately the concerns of their audience, more scien-
tifically accurate information sources (e.g. professional 
courses, healthcare professionals, etc.) usually describe 
such phenomenon through a rational understanding that 
may be inappropriately understood as a sort of down-
grading [1, 3, 29, 50, 55]. In this regard, a further itera-
tion of our study will assess whether H&SRs participat-
ing to the index formation courses have retained or not a 
more appropriate approach towards climate changes and 
their health issues. A cofactor in downgrading estimates 
for risk perception was possibly represented by the fi-
nal composition of our study population. Actually, we 
oversampled male workers, and not only male sex was 
associated with a general underestimation of the risk 
perception, but also in previous studies women usually 
did perceive risks more than men [1, 3, 44]. 
Notwithstanding their acknowledged appropriateness, 
reported countermeasures were only limitedly evidence 
based. Such report is of particular interest, allowing a 
sort of rough but extensive assessment on the factual 
reactions of employers to the climate changes. In fact, 
parent companies preferentially opted for simpler and 
cheaper interventions such as increasing the number 
of pauses or even “stopping work” when the air tem-
perature was extremely hot. Even though such policies 
are both diffusely applied and apparently cost-effec-
tive [43, 56], their actual implementation in workplaces 
has proved to be difficult, as many preventable deaths 
continue to occur throughout the world during the sum-
mer months. Interventions for adapting workplace to the 
climate change through climatization or improved ven-
tilation plants were reported only by few respondents 
(6.2%): this not surprising, as redesigning workplaces 
in order to avoid or minimize heat exposure of the work-
ers may be sometimes difficult, or largely exceeding the 
available resources [1, 6, 29]. However, it is noteworthy 
that simple, effective but relatively cheap interventions 
such as increasing availability of fresh drinking water 
and rescheduling daily activities in order to avoid hot-
test hours of the day were reported only be few H&SRs, 
underlying their inappropriate diffusion. 
Despite its potential interest, our report is affected by 
several limitations. More precisely, while H&SRs rep-
resent a key feature role in the management of occupa-
tional health and safety, their knowledge and risk per-
WORKPLACE EXPOSURE TO EXTREME HEAT
E57
ception should be only cautiously interpreted as proxies 
for general working population [34]. Not only the sensi-
bility of H&SRs towards occupational health and safety 
issues may be significantly higher than that of workers 
not included in the safety representatives [33-35], but 
H&SRs are often involved in the design of countermeas-
ures towards heat risks, with a consequently significant 
self-confidence in preventive interventions that we can-
not rule out [6, 7, 9, 29, 52, 56].
Secondly, our sample was of limited size, with a regional 
basis, and Italy has been repetitively acknowledged as 
highly heterogeneous in terms of socioeconomically 
development, education level, and also occupational 
health practices are strikingly regionalized [57-59]. Fur-
thermore, the majority of participants were employed in 
enterprises of medium or even large size, while around 
90.0% of the firms in APT has less than 10 employees, 
and more than two-fifths (43.5%) of employees work in 
firms with less than 10 employees [38, 39]. As a conse-
quence, the sample we presented may limitedly repre-
sentative, and further generalization of our results may 
be inappropriate. 
Thirdly, the participation rate was quite high ( > 80% of 
the original population), and participating voluntarily 
could be caused by a proactive attitude or due to a great-
er perceived knowledge about the assessed topics, while 
the fact of not participating could be related to a nega-
tive attitude or a lack of knowledge, and that supposedly 
inflated the knowledge assessment [9, 24]. Similarly, it 
is possible that the results of the three subscores of the 
knowledge tests had been inflated by participants report-
ing “socially appropriated” rather than their authentic 
answers (i.e. social desirability bias) [52, 60, 61]. 
Conclusions 
In summary, we described knowledge and risk percep-
tions of H&SRs towards heat-associated risk in the 
workplaces, specifically focusing on HRI. At the same 
time, we identified the main countermeasures that were 
put in place by parent companies. Even though our re-
sults may be only cautiously generalized to the general 
working population, we were able to identify a good un-
derstanding of such themes that were otherwise associ-
ated with unsatisfying risk perception. In particular, our 
results stress the importance of interventions aimed to 
improve the knowledge of workers on the occupational 
safety in hot climates, specifically focusing on the ac-
tual efficacy of available preventive countermeasures. In 
fact, it is possible that we ultimately assessed an over-
confidence in assessed countermeasures, whose actual 
efficacy in reducing morbidity and mortality of severe 
heat has been repetitively questioned. As climate chang-
es could increase the yet significant relevance of heat ex-
posure on the workplaces, the inappropriate risk percep-
tion of study participants demonstrates an urgent need to 
raise the level of awareness of workers, and particularly 
H&SRs, towards heat-related risks and pros and cons of 
adaptive measures.
Furthermore, in consideration of the principles of Eu-
ropean OHS legislation requiring a global evaluation 
of occupational hazards by the employers, it is urgently 
needed that policymakers implement OHS European di-
rectives to consider outdoor workers at risk due to cli-
mate change in their respective national laws [11, 15].
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